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ABSTRACT 

 
Global Navigation Satellite System – Reflectometry (GNSS-

R) techniques have proven successful to retrieve several 

geophysical parameters such as, ocean wind speed, soil 

moisture, altimetry, wetland dynamics, snow depth 

estimations. In this paper, the L2C GPS signals measured 

from the Soil Moisture Active Passive (SMAP) radar after its 

malfunction is used to investigate the effect of the vegetation 

water content on the electromagnetic signal. The SMAP-

Reflectometry (SMAP-R) measurements are obtained at V 

and H polarizations allowing for not only signal-to-noise ratio 

(SNR) analysis but also for polarimetric ratio (PR) studies.  

 

Index Terms— SMAP, reflectometry, GNSS-R, 

vegetation water content, polarimetry 

 

1. INTRODUCTION 

 

The use of Global Navigation Satellite System – 

Reflectometry (GNSS-R) techniques in remote sensing has 

grown exponentially for the past few decades. A number of 

studies have used these techniques over the ocean to retrieve 

altimetry and sea state information [1-7], over land to retrieve 

soil moisture [8-14], and over the ice to retrieve altimetry and 

ice age [15,16]. With the launch of TechDemosSat-1 (TDS-

1) [17] and Cyclone Global Navigation Satellite Signals 

(CYGNSS) [18, 19] the studies have multiplied. Both, TDS-

1 and CYGNSS have allowed better ocean wind studies [20-

22] and have make possible land surface studies. On one 

hand, CYGNSS with its increased temporal and spatial 

resolution, has made possible studies on soil moisture [23] or 

wetlands dynamics [24-27] from the space. On the other 

hand, TDS-1, with its polar coverage, has benefited studies of 

polar sea ice, in terms of altimetry [28], sea ice detection [29], 

sea ice concentration [30] and sea ice type [31]. The Soil 

Moisture Active Passive (SMAP) radar instrument 

malfunction opened the door to a new set of measurements. 

The radar was switched to 1227.45 MHz to collect GPS L2C 

signals on August 20, 2015. The characteristics of these 

measurements differ from the current available from missions 

like TDS-1 or CYGNSS in terms of polarization (H and V 

instead of LHCP), high antenna gain (36 dB) and narrow 

footprint (40 km diameter). 

 

In this work, the SMAP-R measurements are used to study 

the effect of the vegetation water content on the bistatic radar 

signals. The selected area under study is the US Midwest 

between 30 N and 40 N degrees latitude and 105 W and 80 

W degrees longitude. The impact of the vegetation water 

content is analyzed seasonally considering the different land 

covers and the soil moisture underneath the vegetation 

canopy. There is a previous study [32] that uses the SMAP-R 

signal at a broad resolution, spatially averaging the 

information at 1-degree lat/lon boxes, to assess polarimetric 

studies of the land and the cryosphere. Section 2 defines the 

specifics of the SMAP-R measurements, section 3 describes 

the main parameters affecting the SMAP-R signal over land 

and section 4 describes the results for the preliminary 

qualitative analysis. We expect this analysis to be quantitative 

by the IGARSS 2019 conference timeframe. 

 

2. SMAP-R MEASUREMENT CHARACTERISTICS 

 

The I/Q samples received at the SMAP radar working in 

receiver mode are publicly available at the Earthdata website 

(https://earthdata.nasa.gov). The data is filtered for those 

geometries where there is potential to capture a specular 

point. Those selected I/Q samples are post-processed into 

delay-Doppler maps (DDM) [33, 34], with a 5 ms coherent 

time and 25 ms incoherent time (5 incoherent summations). 

The SMAP antenna points to a fixed 40 degrees incidence 

angle. The SMAP beamwidth antenna allows to capture 

reflections at +/- 3 degrees from the central 40 degrees 

incidence angle. Observations are minimally affected by the 

variation in the incidence angle, mainly in scenarios where 

the signal is predominantly coherent. For example, the size of 

the first Fresnel zone for surfaces with very low roughness as 

croplands or wetlands, rivers or lakes is something in between 

[880 m x 1290 m] and [928 m x 1450 m], for 37.5 and 42.5 

deg. incidence angle, respectively. For ocean surfaces, the 

scattering area is hundreds of kilometers and the assumption 

needs to be revised. SMAP has a high receiver gain: peak 

antenna gain is 36 dB at 40 deg. and the -3 dB beam width is 

2.7 deg. Since antenna is rotating consecutive specular points 

are ~ 25 km apart. Transmitter gain is assumed to be constant 

since the geometry is fixed. Transmitted power is unknown, 

but the impact of its variations is assumed to be under 1.8 dB 

[35]. The observables derived from the DDMs used in this 

study are corrected signal-to-noise (SNR) measured at V and 

https://earthdata.nasa.gov/


H polarizations and the polarimetric ratio (PR), and are 

shown in figure 1. The corrected SNR corresponds to the 

measured SNR corrected for the path losses and the receiver 

gain. 

 
(a) 

 
(b) 

 
(c) 

Figure 1. SMAP-R observables, (a) SNR H-pol, (b) SNR V-pol 

and (c) PR, measured over the US Midwest on August 2018. 

 

3. THE BISTATIC SIGNAL OVER LAND 

 

There are a number of parameters affecting the GPS signals 

as those go through the vegetation layer, impinge over the soil 

surface and reflect to the SMAP-R antenna after crossing the 

vegetation layer on their way up. Those parameters are the 

vegetation water content, the soil moisture, the soil roughness 

and the topography. Figure 2 shows the digital elevation 

model (DEM) map for the area under study.  

 
Figure 2. DEM of the area under study, scale in meters. 

This map has been obtained from the Shuttle Radar 

Topography Mission (SRTM) 90 m DEM product. The 

SMAP-R signals show differences under different 

topography conditions, but those differences do not vary 

seasonally. By analyzing changes in a particular area over 

time, we can assume topography to be invariant. In addition, 

we should use areas where the topography remains nearly 

constant. Next, Figure 3 shows the soil moisture (SM) map 

from the SMAP Level 3 SM product enhanced 

(SPL3SMP_E, [36]) for the area under study. 

 

 
Figure 3. SM map of the area under study, scale in %. 

 

The SMAP-R H and V signals are affected by soil moisture. 

The more water content in the soil the strongest the reflection. 

We will start with the SM product derived from SMAP 

radiometer [36] but other sources may as well be considered. 

We will take the SM product as an ancillary dataset to analyze 

areas with similar soil moisture content together helping to 

distinguish between vegetation effects and soil moisture 

effects. In other words, we will proceed by filtering by soil 

moisture levels and then analyzing the impact of vegetation 

water content (VWC) alone. Particularly it is important to 

consider this in agricultural areas where soil moisture varies 

seasonally. Figure 4 shows an example of the VWC maps 

used as the reference in this study. 

 

 
Figure 4. VWC map of the area under study, scale in kg/m2. 

 

Those maps are part of the ancillary data [37] from SMAP 

soil moisture algorithm, [36]. The VWC is provided in the 

SMAP dataset and follows the method explained in [38]. This 

method provides a VWC estimation incorporating foliage and 

stem water content. First, estimates the water content of the 

foliage based on a Normalized Difference Vegetation Index 

(NDVI) approach. Then, estimates the stem water content 

through observations and Leaf Area Index (LAI) modeled by 

NDVI. Land cover types are considered using the MODIS 



(MCD12Q1) International Geosphere-Biosphere Programme 

(IGBP) classification scheme [38]. The SMAP-R H and V 

signals are affected by vegetation. The vegetation layer 

attenuates the SNR signal, the more water content on the 

vegetation the more attenuation the signal suffers. Also, 

vegetation water content varies seasonally.  

 

4. QUALITATIVE ANALYSIS OF THE VWC 

EFFECTS ON THE SMAP-R SIGNAL 

 

In order to understand the impact of the vegetation water 

content on the SMAP-R signals, we will analyze the effects 

on the SNR at V pol in two different ways: 

 

• an analysis of VWC differences observed over 

similar land covers, and 

• the possibility of monitoring seasonal variations 

observed at the same locations. 

 

For the first analysis, we have selected different areas with 

constant land types obtained from MODIS land cover maps: 

croplands and deciduous broadleaf forest. 

 

 
Figure 5. Areas selected in this SNRV correspond to areas with 

very different VWC values in figure 4. Scale in dB. 

 

Comparing to the VWC in figure 4, we see that the higher the 

VWC value the lower the SNR. Summarized in Table 1. 

 
Table 1. Summary of mean VWC values from figure 4 and 

SNRV values at the circled areas. 

 

Area VWC 

(kg/m2) 

SNR 

(dB) 

1 12 95 

2 10 100 

3 7.5 105 

4 4 112 

 

For the second analysis we have initially focused in a 

cropland area, marked in figure 6. Important characteristics 

of this areas are:  

• soil moisture, due to irrigation of crops, would be 

considerably higher in summer than in winter: SM 

increase implies SNRV increase. 

• VWC is higher in summer when crops are present 

than winter: VWC increase implies SNRV decrease. 

• there is a river in the circled area: river in the SMAP 

footprint implies SNRV increase. 

 

With this being said, the selected area shows a big change in 

vegetation water content, as it is show in figure 6, between 

January 2018 and August 2018. 

 

 
Figure 6. VWC differences observed between January 2018 

(winter) and August 2018 (summer). 

 

An increase of 2 kg/m2 from January to August 2018 causes 

~ a decrease in the SNRV of 6 dB. So, this would indicate that 

the attenuation suffered from the increase in vegetation water 

content is stronger than the increase in SNR caused by the 

increase in SM. Further and quantitative analysis will be 

presented at the conference, showing the impact of the VWC 

on the SNR at both polarizations and on the PR. 

 

5. CONCLUSIONS 

 

This paper describes the preliminary analysis of the impact of 

VWC in the GPS signal measured at the SMAP radar in 

bistatic configuration, SMAP-R. The higher the VWC the 

lower the SNR. If we can quantify the impact of the VWC 

under a controlled scenario, i.e. adding layers of information 

regarding, the roughness, topography, soil moisture and type 

of land cover, next steps will go in the direction of creating a 

retrieval algorithm based on the most sensitive GNSS-R 

observables. Using this information derived from SMAP-R 

signals will help filling the gaps in other instruments and/or 

creating an independent source of VWC information. 
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